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Abstract

Disruptive technologies create growth in the industries they penetrate or create entirely new industries
through the introduction of products and services that are dramaticalty cheaper, better, and more
convenient. These disruptive technologies often disrupt workforce participation by allowing
technologically unsophisticated individuals to enter and become competitive in the industrial workforce.
Disruptive technologies offer a revolutionary change in the conduct of processes or operations.

Distuptive technologies can evolve from the confluence of seemingly diverse technologies orcan bea
result of an entirely new technological investigation, Existing planning processes are notoriously poor in
identifying the mix of sometimes highly disparate technologies required to address the multiple
performance objectives of a particular niche in the market, For a number of reasons, especially the
inability to look beyond short-term profitability, and the risk/return radeoff of longer term projects, it is
suggested that current strategic planning and management processes promote sustaining technologics at
the expense of disruptive technologies.

We propose a systematic approach to identify disnaptive technologies that is realistic and operable and
takes advantage of the text mining literature, This literature-based discovery process is especially useful
in identifying potential disruptive technologies that may reguire the imput from many diverse
techmological and management areas, We believe that this process holds great potential for identifying
projects with a higher probability of downstream success. Further, we suggest a process to take the
identified potential disruptive technology from the “idea stage™ through to the development of a
potentially feasible product for the market. This second stage makes use of workshops and roadmapping
to codify the ideas of technological and management experts, who were identified in the literature-based
discovery stage. Our goal is to describe and explain the pragmatic steps suggested by our innovative and
practical process.

The proposed process could identify technologies whose eventual development and application to
specific problems would generate innovative products. The goal is to isolate technologies that have the
potential to redefine an industry, or alternatively, have the potential to create an entirely new industrial
sefting. Use the text-mining component of literature-based discovery to identify both the technical
disciplines that are likely candidates for disruptive technological products, and experts in these critical
technical and managerial disciplines. While we know that this is but one way to investipate nascent
disruptive technologies we feel it is imperative that the representatives of these potentially critical
technical disciplines are included in the roadmap development process, either as implementers or as
consultants,

Every firm is looking for *the next great thing™. Literature-based discovery offiers a starting point for
identifying at least a portion of the major contributory technical and managerial disciplines necessary for
potential disruptive technologies and discontinuous innovations. Combining literature-based discovery
with a practical workshop/roadmap process dramatically enhances the likelihood of success.
Thisreport ends with a partially annotated bibliography on disruptive technologies.



1. Introduoction

Disruptive technologies can be either a new combination of existing technologies or new
technologies whose application to problem areas or new commercialization challenges (e.g.,
systems or operations) can cause major technology product paradigm shifts or create entirely
new ones [1]. Management researchers have studied the commercial potential for disruptive
technologies for nearly a century. Kondratief [2] and Schumpeter [3] were among the early
researchers in the field suggesting “Long waves of technological change and the process of
creative destruction caused by new technologies and new skill sets either creating or
redefining firms and existing markets”.

The recent interest in the field has ignited numerous differing arguments for the exact
definitions of either disruptive technologies or discontinuous innovations. Disruptive tech-
nologies can be considered scientific discoveries that break through the usual product/
technology capabilities and provide a basis for a new competitive paradigm. Discontinuous
innovations can be considered products/processes/services that provide exponential improve-
ments in the value received by the customer, Disruptive technologies have been referred 1o as
earthquake, game breaking, whirlwind, typhoon, or emergent technologies. The nomenclature
is not important but the phenomena are. Disruptive technologies are by their nature nascent
and only can be revealed as being disruptive in hindsight. They therefore provide a major
problem for a technological forecaster or roadmapper, requiring a degree of insight not
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required for sustaining technologies (albeit high tech) that follow the established technology
product paradigm in a given industry [4]. Products based on disruptive technologies provide
dramatic improvements to current product market paradigms, or produce the physical and
service products that initiate new industries. These regime changes define a new product
platform, which is far different from what the market would have experienced with “only™
incremental innovation.

One challenge in the study of discontinuous and disruptive innovation is the lack of widely
accepted definitions. Definitions of disruptive technologies focus on firm-based product
technology factors [5]; industry wide product technology factors [6]; and the pap between
substitutable technological learning curves on cost or performance basis [7,8]. Definitions of
discontinuous innovation focus on customer behavior [9], product newness [10], market
factors [11] or some combination of these factors [12],

Disruptive technologies create major new growth in the industries they peneirate by
allowing people and firms with differing skill sets to provide step function value to existing
industries or create new ones from the value they provide. An examination of the successful
disruptive technologies suggests that they provide exceptional value to less satisfied
customers of the current technology product paradigm [9]. In the past few decades,
consumers have accepted products and services that have been enabled by disruptive
technologies. Many of these have been (1) smaller, (2) lighter, (3) cheaper (4) more flexible
and convenient, (3) more reliable, (6) more efficient with higher unit performance (energy
density, computing power, etc.), and (7) operationally simple. Disruptive technologies offer a
revolutionary change in the conduct of processes or operations.

To meet multiple consumer-based performance objectives, disruptive technologies typically
draw upon many diverse technologies. For example: (1) Smaller products may require
advances in micro- or nanotechnologies; (2) Lighter products may require advances
materials technologies; (3) Cheaper products may require advances in component technologies
and associated manufacturing processes; (4) More flexible and convenient products may
require advances in human factors research, ergonomics, and artificial intelligence; (5) More
reliable products may require advances in design, manufacturing and quality control processes,
and probability and statistics; (6) Higher unit performance products may require advances in
chemistry and physics, malerials, heat transfier, design, and micro- and nanotechnology
manufacturing processes; {7) Operationally simple products may require advances in artificial
intelligence, robotics, and design. Existing planning processes are notoriously deficient in
identifying the mix of highly disparate technologies required to address the multiple
performance objectives necessary to suggest potential disruptive technologies. In fact, it is
paradoxical that “disruptive planning processes™ are required to replace today’s “sustaining
planning processes™, in order to systematically identify potentially disruptive technologies and
their associated development strategies.

The common usage of disruptive technologies in the literature focuses on new, typically
revolutionary, technologies. While the underlying concept of revolutionary technologies is not
new [13], the potentially devastating impact of these technologies on successful industries has
received attention in books and articles by Christensen et al. [14], Christensen [15], and Moore
[9], and more traditional pieces by Schumpeter [3]. Further entrepreneurial authors such as



Kirchhoff and Walsh [16] and many of the disruptive technology researchers cite that why
successful and apparently well-managed organizations fail is that they do not recognize the
distinction between sustaining technologies and disruptive technologies. Entrepreneurial firms
with no established customer base can take advantage of disruptive technologies and redefine
current markets whereas large firms refuse to cannibalize their own markeis through the use of
disruptive technologies.

Sustaining technologies are those that improve the performance of established products
through the current technology product paradigm. They are often developed by successful
companies for, and in close collaboration with, their most important and lucrative clients [16].
In other wosds, they are often the result of those successful firms following the excellent
business practice of listening closely to their customers (see Ref. [17), also Ref. [16]).

In contrast to sustaining technologies, which improve the performance of established
products, disruptive technologies often provide value parameters not recognized by the
mainstream market and might actually provide worse product performance features on some
parameters valued by the mainstream market, at least in the short run [17].

Successful companies often fail to invest aggressively in nascent disruptive technologies, to
their long-term demise and dismay. Possible reasons for their demise include: first, disruptive
products are simpler and cheaper; they generally promise lower, not higher, profit margins;
second, disruptive technologies typically are first commercialized in emerging or insignificant
markeis; and third, leading firms" most profitable customers generally do not want, and indeed
initially cannot use, products based on disruptive: technologies [18]. By and large, the product
embodiment of a disruptive technology is initially embraced by a small fraction of customers
in a market. Hence, most companies with a practiced discipline of listening to their best
customers and identifying new products that promise greater profitability and growth are rarely
able to build a case for investing in disruptive technologies until it is too late [14,17].

Kirchhoff, Christensen, Moore, and others make a rather convincing case that the very
rational refusal by successful companies to invest in disruptive hard or soft technologies can
lead to their rather sudden loss of dominance in their respective fields, if not their total
disappearance. It is certainly possible to extrapolate this disruptive technology scenario to
national defense, with the potential consequence of shifting national military dominance.

There are at least two main generic reasons why sustaining technologies tend to be preferred
at the expense of disrupting technologies in large firms: incentives and procedures. The larger
firms are driven by quarterly profitability. A technology with the potential to radically reduce
the cost of a product, but whose application is vears in the future, and whose cost is being borne
currently, 1s likely to reduce current profitability, and unlikely to enhance one's upper
management career. The incentive problem in both the commercial and national defense
sectors is that the larger social benefits require a longer term global optimization objective
function {i.e., the common good), whereas individual incentives are driven by shorter term local
optimization objective functions (i.e., the individual good). In plain English, the near-term
individual rewards from sustaining technologies that yield short-term low-risk payoffs displace
the longer term social benefits that could result from proactive high-risk high-payoff disruptive
technology selection. The procedural problem is that technology selection decisions, especially
in large established commercial and government organizations, are increasingly being made by
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larger and more inclusive committees, a process traditionally steeped in tradition and
conservatism. Revolutionary disruptive concepts are less likely (on average) to receive
committee approval than evolutionary sustaining concepts.

To guard against the potentially devastating consequences caused by the introduction of
disruptive technologies, whether in the commercial or national defense sector, a number of
strategic steps are required. The main step required is a change in the strategic orientation at
most firms. A longer range strategic perspective that is better able to evaluate and anticipate
short- and long-run risks is needed to restore balance to the typically shorter range tactical
reactive operational mode. The incentives necessary to affect this paradigm shift are beyond
the scope of this paper. Our hope is that practical research approaches like the one advanced in
this paper will facilitate the necessary change in corporate culture. Once this managerial and
cultural hurdle has been overcome, then, processes can be developed to identify, plan for, and
develop technologies with higher probability of having disruptive impact.

In this paper, we present processes that will facilitate the generation of potentially
disruptive technologies. The key features of these processes are: (1) they insure that a wide
range of altemative candidate technologies are considered for disruptive scenarios; (2) they
identify many of the technical and managerial disciplines required to develop the highest
priority alternative candidate technologies, and incorporate them in the development plan for
the altemative technologies selected; (3) they use tandem literature-, workshop-, and road-
map-based approaches to exploit the strengths of each and eliminate the weaknesses of each.
In the remainder of this paper, a literature/workshop/roadmap-based approach to systematic-
ally identify, plan for, and develop potentially disruptive technologies is advanced.

2. Objectives

This paper aims to develop a process that will facilitate the identification of potentially
disruptive technologies, and to provide a systematic approach for developing and implement-
ing such technologies,

3. Approach

3.1 General

There are two broad perspectives in the generation of a nascent disruptive technology. The
first 15 a market-based approach where firms perceive a need in the market and then generate
the technologies necessary to meet the need. This top-down mode starts from a modified
operational scenario, and then generates the requirements for a technology that will result in
disrupted operations. Another possible starting point is to evaluate the firm’s technological
strengths and then look for a market niche to apply the core capabilities of the firm. This
bottom-up mode, starts from technologies already being developed, or being considered for
development, and then identifies the operational scenarios and markets that these technolo-



gies could disrupt. The firm must find a new way of addressing an existing or potential
opportunity that will disrupt the then cumrent managerial and technological orientation. This
paper addresses a finm's proactive search for a disruptive technology. Since it is often the case
that an industry is redefined by technologies initially exogenous to the industry [16], text
mining is essential to this endeavor.

A firm's proactive search, in either case, suggests that candidate technologies must be
evaluated and prioritized. For example, assume the commuting gridlock in major metropol-
itan areas is the problem to be addressed. In the top-down mode, disruptive concepts for
commuting (or eliminating commuting) need to be envisioned. Suppose that individual
jetpacks, such as those used in some of the old James Bond movies, were being considered as
a candidate for solution. Adoption of such a commuting concept on a large scale would
certainly disrupt the status quo. In the bottom-up mode, a researcher pursuing the study of
magnetic levitation could show potential disruption of the commuting market by magnetically
moving elevated containers of people around the metropolitan area.

Second, a process must be generated to plan for, and develop, one or more candidate
disruptive technologies systematically. These candidate disruptive technologies would have to
meet the characteristics needed by the market as identified in the introduction, characteristics
that the old James Bond jetpack certainly did not have! In the general case, these technologies
will require discovery and innovation, and may require both multi- and interdisciplinary input.
Thus, this second step would probably require the systematic development of innovative
multidisciplinary technologies.

The approach used in the present paper for both steps is generically the same. It differs in
specifics, because the level of problem definition in the two steps differs. In both steps, a
literature encompassing the problem to be solved is generated, the technology components of
the literature are identified, experts in each of the component technical disciplines are
identified, and then convened in a group format to elucidate the steps necessary to solve the
problem. The first step, identifying the potential disruptive technologies, would utilize a
workshop approach involving managerial and technological experts, who had been identified
in the initial literature-based phase. The second siep, the identification of the development
strategy for each of the candidate disruptive technology alternatives selected, would utilize a
roadmapping approach of managerial and technological experts, who had been identified in
the initial literature-based phase and had further developed their ideas in the workshop-based
phase.

3.2. Specific

3.2.1. Identifying candidate technology alfernatives

The first step is 1o define the problem or opportunity to be addressed. This obviously takes
great skill and intuition and would need to be supported at top managerial levels. Once the
problem has been defined, then the literature base that will be used to identify technology
alternatives and associated expens needs to be defined. The next step is (o use the most
advanced information technology methods to retrieve the full literature that addresses the
problem [19,20].



For example, in the metropolitan area gridlock problem, the traffic congestion literature
would be retrieved. Different types of congestion should be included, not only automobile
traffic. These alternatives might include air, sea, and land traffic, bird, fish, insect, and land
animal traffic, and maybe communications traffic as well. Congestion is a problem in most
types of traffic, and the thinking that has been done in one of these areas may have insights to
offer other conceptually similar areas. For example, a recent citation mining study on
vibrating granular systems (sandpiles) research showed that physical concepts and principles
arising from granular flows and associated particle interactions were being extrapolated to
studies on air and ground traffic congestion [21].

This literature would be combined, and placed in a structured format if appropriate or kept
fully unstructured, Then, clustering techniques would be applied to the literature that will result
in identifying the main technology categories [22-24]. Various alternative concepts would
result from the clustering, and key people (and organizations) associated with those alternative
concepts would be identified. Experts representing all the alternatives would be invited to a
workshop, and the most promising solution alternative(s) would be identified by various
“brainstorming™ techniques (see Refs. [25-27] for successful examples of such workshops).

It is envisioned that two major types of potential solutions would be identified. One would
be technology based, the other not technology based. For example, in the traffic congestion
problem, the individual jetpack could represent a technology-based solution, and could be a
disruptive technology in Moore’s [9] or Veryzer's [28] market penetration sense. Mandating
different business starting times would represent a non-technology-based solution, and would
be disruptive in the sense of changing the status quo to alleviate the problem. Further, of the
technology-based solutions, some could be existing technologies, or modest extensions of
existing technologies, whereas others would be revolutionary technologies. For those
technologies already being researched, or considered for research, this step would represent
a merging of the top-down bottom-up technology identification processes. The revolutionary
technologies to be developed are the focus of this paper, although any of the other categories
mentioned could be equally important, or more so, for the actual implementation,

3.2.2. ldentifying technology components

Once the high priority technology alternative(s) have been identified and prioritized, then a
strategy and plan must be generated for developing and demonstrating this technology(s). The
present approach is based on: (1) using literature-based discovery to identify the critical
technology components of each technology alternative; (2) identifying experts for each of these
identified technology components; (3) convening these experts in a workshop to identify the
component technology characteristics further; and (4) having these experts collaborate col-
lectively to generate a roadmap for developing and demonstrating each technology alternative.

3.2.2.1. Literature-based discovery to identify eritical technology components

Overview. Text mining is the extraction of useful information from text, typically large
volumes of text [29-32]. One of the major components of text mining is literature-based
discovery [26,27,33—-38]. Literature-based discovery identifies the major technical disciplines
that are required to comprehensively address a technology problem, and has the potential to



generate innovation from expert analysis of published documents. The application of text
mining to the identification of potential disruptive technologies for a given technology
product paradigm problem reguires great insight by the user. The initiation of formalization of
a process to utilize text mining is necessary 10 decrease the time required for disruptive
technologies 1o be utilized in the commercial and governmental sectors,

The starting point for literature-based discovery is to identify multiple literatures that are
both complementary and disjointed. Complementary means that each literature contributes
part of the solution to the innovation and none of the component literatures can stand on its
own in generating the complete innovation. Disjointed means that the literatures are
independent. The synergy from integrating multiple, seemingly unrelated literatures, ig.the
magic that gives this process such potential, ;

The basic assumption in the literature-based discovery concepts that have been published
is that innovative solutions to problems can be obtained through literature paths that indirectly
relate the problem to the solution. Thus, if problem A is expressed through literature AB,
where B is some intermediate theme, then solution C may be expressed through literature BC.
B is the intermediate theme connecting solution C to problem A.

For example, in the first reported study of literature-based discovery [33], a treatment for the
circulatory disease Raynaud’s Syndrome (problem A) was the desired target. A search was
made for all articles pertaining to Raynaud’s Syndrome (literature AB). Swanson identified
blood viscosity (intermediate theme B) as a strongly linked theme to Raynaud’s Syndrome,
and then retrieved the blood viscosity literature (literature BC). Based on analysis of literature
BC, Swanson eventually identified fish oil/eicosapentaenoic acid (sclution C) as a potential
treatment for Raynaud’s Syndrome (problem A) due to its impact on blood viscosity (and other
blood rheology properties). This was later validated through clinical trials.

Coincidentally, if Swanson’s finding could be shown to have a major impact on the
treatment of Raynaud's Syndrome, it could be viewed as one type of candidate disruptive
technology, albeit not in the revolutionary technology category. A low cost low technology
readily available product such as fish oil could potentially displace high cost high technology
corporately protected drugs from the market. In this example, the virtual disruptive technology
did not require multiple technical disciplines for its production, but rather for its identification.

In general, after a full literature for each topic of interest has been generated, the method of
solution proceeds according to the type of question asked. If, following Swanson’s medical
examples [33,34], one literature represents a disease, and the other literature represents a
treatment, then the question might revolve around determining the mechanism that allows the
treatment to work. Or, if the starting literature represents a potential treatment, then the
question might revolve around diseases that could be impacted by the treatment (see Kostoff
[26] for a more complete listing of the possible permutations).

The next step in the analysis 15 to generate phrases/concepts from each literature, and then
examine the phrases/concepts that are shared by both literatures (or more in the case of
multiple literatures). The mainstream approaches today use Title Words or Keywords as the
databases for generating phrases, although a recent provisional patent application uses
Abstracts (readily available), and when full text becomes available, could just as easily use
full text [29]. The mainstream approaches today use various statistical approaches to cull the



list of overlapping phrases to be examined. The method proposed in Kostoff [29] uses clus-
tering, in addition to the above filters, to identify phrases/concepts that link the multiple
literatures.

Specific. As described above, literature-based discovery involves identifying a literature
AR that represents the probletm to be solved (where A is the specific problem to be solved and
B is a related technology within the literature), then identifying a literature B'C that represents
a potential solution to the problem (where B’ is the full literature of the technology B identified
in AB and C is the polential solution to the problem A not contained in literature A), and using
some computational/logical approach to identify the highest probability solution(s) C. This
concept is the basis for discovery, and the two-link implementation is the most elemental form.

In practice, there can be many related literatures and many different solutions (or solution
components) B1'C1, B1'C2, B2'C1, B2'C2, and so on. In addition, there can be more than one
step {i.e., more than two links) connecting the problem to the solution(s) (e.g.,
AB — B'X — X'C, where both B and X are intermediate linkages). The final schematic must
be sufficiently general to incorporate each of the elemental linkages above into the final
multistep multiintermediate literature multisolution schematic.

The first step in identifying the technology component disciplines is to retrieve the
technology literature of interest. For example, following the medical treatment approaches
Swanson has taken, if the problem is to identify treatments C for a disease A, the existing
literature for that disease would be retrieved from the appropriate database(s). Once this
literature AB is obtained, it is then processed through computational linguistics to identify its
main characteristics B1, B2, B3, ..., or themes rélated to the central problem. A query is
developed for each of these themes, and a literature is retrieved for each of these themes (B1',
B2, BY, ...). Computational linguistics is applied to each of these related literatures to
identify both the main themes of each of these literatures and subthemes within the main
themes. Main themes/subthemes that are common across the literatures related to the problem
of interest andfor subthemes that have high occurrence frequencies are examined, and those
that have a rational relationship to the central problem are selected as high probability of
innovation technologies.

Fig. | is a schematic representation of this literature linkage process. Each column
represents a literature—theme combination, Fig, 1A is the most elemental case, a two link
schematic with one intermediate theme B and one solution C. Thus, AB in column 2 is
translated as the literature for problem A with intermediate theme B. Further, BC in column 3
is translated as the literature for intermediate theme B with solution C.

While the schematic representation for this linkage process is very simple, the specific
technigue used to identify theme B and solution C is not. For the initial problem literature AB,
there are hundreds or thousands of candidates for theme B. How would the most promising B be
selected?

The approach proposed here is from the TexTosterone text mining system (see Ref. [29]).
The specific algorithm recommended is summarized in Appendix A. Clustering and factor
analysis are two of the statistical clustering techniques performed on the initial literature AB.
They are supplemented by nonstatistical clustering approaches that use visual inspection of
the elemental phrases in literature AB. These combined clustering analyses will generate the
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Fig. 1. Problem—solution schematic.

main characteristics of problem A. In the present one-theme example, the major character-
istic identified by these clustering analyses will be selected as theme B, and then a literature
BC will be generated that represents theme B. Within this literature, there will be hundreds
or thousands of candidate solutions C. How would the most promising C be selected?

A numerical filtering process is used to eliminate solutions C that are only weakly linked to
theme B. Phrase frequency and proximity analyses from the TexTosterone system are applied
to BC to identify candidate solutions C that are closely related to the theme B.

Fig. 1B introduces the additional complexity of an extra link (theme) X between the
problem A and the solution C. In this case, the solution C is not contained in the literature for
theme B, but rather in the literature for theme X, a theme obtained from the literature for
theme B. To obtain X, computational linguistics are applied to the theme B literature. Again,
the statistical and nonstatistical clustering analyses are applied to the literature for theme B to
obtain the main characteristics of this literature. In Fig. 1B, the main characteristic was
selected as theme X.

Fig. 1C shows the more general case. The schematic can have a mixture of multiple-link
pathways and only two- and three-link pathways are displayed in the present schematic.
There are multiple intermediate links B, intermediate links X, and solutions C. In general, the
more pathways that terminate in a given (candidate) solution C, the higher the probability
that C is a promising selution. Also, the higher the sum of the frequencies of occurrence of a
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candidate solution C along all the pathways, the higher the probability that C is a promising
solution,

The Bs and Cs identified by this process represent the technologies from various
disciplines (some potentially very disparate) that could contribute to the solution of problem
A. Those disciplines that receive high priorities as a result of the application of the figures-of-
merit described above (e.g., number of pathways, frequency sums) should be represented at
the subsequent workshop and in the roadmap development.

3.2.2.2. Identifying experts. Experts, from each of the directly related literature themes B
identified above, from some of the indirectly related literature themes X identified above, and
from some of the candidate solution disciplines C identified above, will be asked to participate
in the workshop and ensuing roadmap development. Aggregating the experts (from the
disciplines identified in the literature-based discovery process) at the workshops and in the
roadmap development increases the chances for innovation, even if the innovation was not
clear from the literature-based component alone. This step is of prime importance for those
technologies that are inherently multidisciplinary.

3.2.2.3. Convene experts in workshops. Representatives from the major disciplines iden-
tified will then be convened in a workshop. If the type of innovation workshop suggested by
Kostoff [26,27] is followed, where a premeeting exchange of multiple discipline concepts
across the Internet is expert facilitated, a meeting environment for accelerating innovation
will have been established. The output from the workshop would be some idea of the specific
advances in multiple disciplines required to solve the central technology problem, with the
potential for generating specific hypotheses to be tested.

3.2.2.4. Construct roadmap. Once the experts have been selected and the workshop
convened and finalized, roadmap construction can be initiated. One general structure for
such a roadmap is shown in Zurcher and Kostoff [39]. A four-level roadmap is presented,
consisting of research, development, capability, and requirement. Nodes are presented at each
level, and links among the nodes are depicted. The nodes in the research and development
levels represent existing or proposed research programs and development programs, respect-
ively. The capability level nodes represent target capabilities for which there is a consensus
that successful program development could result. The requirement level nodes represent
existing or potential top-level neads set by the organization’s top management.

Different node and link atiributes were delincated by various graphical constructs
{colors, shading, etc)). Some of these attributes included cost, funding adequacy, estimate
of impact, estimate of funding adequacy, risk, and intemnal/external program sponsorship. In
developing the roadmap for the present study, the research and development levels would
be populated by programs focused on the unique advances identified in the B/X
(intermediate technologies/mechanisms), and C (technology solution) literatures (expanded
by the workshop discussions) described above. The capability and requirement node
specifications would have the contents of the A (problem specification) literatures (again
expanded by the workshop discussions). The roadmap would effectively use the generic
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structure of the schematic above as its conceptual starting point, and the roadmap
development effort would focus on providing detail and insuring connectivity among the
various nodes. Some desirable characteristics of such roadmaps are contained in Appendix
B, and additional characteristics are contained in Zurcher and Kostoff [39] and KostofT and
Schaller [40].

Two points deserve emphasis here. As stated in Zurcher and Kostoff [39], key aspects
of credible roadmap construction are: (1) insuring that the mix of expertise used for the
roadmap is matched to the mix of disciplines required to successfully address the target
capabilities, and (2) insuring that relevant research and development being performed in
all sectors of the global technical community are represented in the roadmap. Neglect of
either of these major aspects will reduce the quality of the roadmap, and may lead to
misleading conclusions, The literature-workshop-based precursor approaches used in the
present roadmap construction approach will help insure that relevant global R&D will be
identified, and the diverse disciplines required to successfully develop the potentially
disruptive technologies will be incorporated. Thus, the literature analysis step should be
viewed as an important value-added method to assemble the appropriate mix of
disciplines for solving the problem of interest. The roadmap development can proceed
along the lines of standard roadmapping processes, with the added benefit of having the
“right” disciplines available to attack the problem. Undoubtedly, when experts from the
promising disparate disciplines are assembled, there would probably be other options
inserted in the roadmap that did not come from the literature analysis alone, or ¢ven from
the workshop.

4, Conclusions

This paper has served to provide means to identify a full range of candidate disruptive
technology altematives, as well as to identify the appropriate subtechnologies necessary for
successful development of each candidate technology alternative, using systematic methods
that survey all related technological and managerial information that are required. Literature-
based discovery offers a starting point for identifying the major contributory technical and
managerial disciplines. Coupling literature-based discovery with a subsequent workshop/
roadmap development process causes the strengths of literature/workshop/roadmap techni-
ques to be amplified. This process provides a new and valuable approach for identifying
potential disruptive technologies and products.

Appendix A. Literature-based discovery algorithm
A 1. Generate initial topical literature

ldentify problem to be solved (e.g., reatment for Raynaud’s disease).
Select source database (e.g., Medline).
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Retrieve all records from source database relevant to problem, using information retrieval
approach in Refs. [19-21,42], or any other information retrieval approach.

A.2. Generate initial literature themes

Perform pattern analysis of records, including phrase patterns from free text fields and
patterns from other fields if applicable (e.g., authors, journals, institutions, cited authors, cited
journals, cited papers, citing authors, citing journals, citing papers). The following algorithm
focuses on text fields, but is applicable to all other fields described above.

Extract.all phrases from all records, using phrase frequency analysis [24].

Filter all exiracted phrases to generate list of high technical content phrases (e.g.,
eosinophilia, inflammation, anti-RNA, anti-DNA, blood viscosity, platelet aggregation, vaso-
spasm, vasoconstriction).

Group high technical content phrases into thematic categories (e.g., inflammation, auto-
antibodies, blood rheology, vascular reactivity) using statistical and nonstatistical ¢lustering
approaches [24,41].

Generate subcategories for each thematic category (e.g., blood rheology — blood viscosity,
platelet aggregation, platelet activation) using statistical and nonstatistical clustering
approaches, such that a topical literature can be defined for each subcategory.

A.3. Generate directly related literatures

Generate topical literature representing each thematic subcategory, such that each topical
literature is disjointed (non-overlapping) with the original problem literature, as well as
disjointed with every other thematic subcategory topical literature (e.g., [blood viscosity NOT
Raynaud’s] NOT platelet aggregation). Use information retrieval approach of Refs. [19-
21,42], or any other information retrieval approach, to generate these topical literatures. These
literatures are called directly related disjointed topical literatures.

A4, Generate directly related literature themes

Extract all phrases from each directly related disjointed topical literature, using phrase
frequency analysis [24]. Use filter to select high technical content phrases from each directly
related disjointed topical literature (e.g., for blood viscosity: shear, stress tensor, EPA, fish oil,
etc.).

Group high technical content phrases into thematic categories for each directly related
disjointed topical literature (e.g., for blood viscosity: shear stress, fish, flow resistance) using
statistical and nonstatistical clustering techniques [24,41].

A.5. Generate indirectly related literatures

For thematic categories in directly related literatures that are not potential specific solutions
to problem, generate disjointed literature representing each thematic category, using informa-
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tion retrieval approach of Refs. [19-21,42], or any other information retrieval approach.
These new literatures are called indirectly related disjointed literatures (e.g., for blood
viscosity: shear stress, flow resistance).

A.6. Generate indirectly related literature themes

Extract all phrases from each indirectly related literature using phrase frequency analysis
24].
[ I}Ise filter to select high technical content phrases from each indirectly related literature
(e.g., for shear stress: stress tensor, tangential stress, normal velocity).

Group high technical content phrases into thematic categories for each indirectly related
literature (e.g., for shear stress: platelet deformability, normal stress, tangential stress) using
statistical and nonstatistical phrase clustering analysis.

A.7. Compare candidate solutions in phrase form

For thematic categories from directly related literatures that are potential specific solutions to
problem, or for thematic categories from indirectly related literatures that are potential specific
solutions to problem, generate list of phrases (using phrase frequency analysis) and phrase
combinations/cooccurrences (using phrase clustering analysis) for each thematic category.

Filter lists to select phrases and phrase combinations/cooccurrences that do not occur in
problem topical literature (e.g., eliminate all phrases/phrase combinations from these
generated lists that appear in the initial Raynaud’s literature).

Rank candidacy of phrases and phrase combinations/cooccurrences for potential discovery
by number of categories in which they appear, and by the sum of frequencies over all
thematic categories.

A.8. Compare candidate solutions in thematic form

For thematic subcategories from directly related literatures that are potential specific
solutions to problem, or for thematic subcategories from indirectly related literatures that are
potential specific solutions to problem, rank candidacy of subcategories for potential
discovery by number of categories in which they appear.

Appendix B. Desirable roadmap characteristics

Science and technology (5&7T) roadmaps provide a consensus view or vision of the future
S&T landscape available to decision makers [39,40], Roadmaps can have many geometric
structures, including networks and directed graphs. In addition, they provide a systematic
approach to defining the pathways from S&T development to achieving the capabilities
associated with the long-term vision. More specific requirements, or underlying principles,
necessary for a high-quality roadmap can be formulated. These include the following.
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B.!l. Senior management commitment

The most important factor is the commitment of the roadmap-developing organization’s
senior management with decision authority to high-quality roadmaps, and the associated
emplacement of rewards and incentives to encourage such roadmaps. This includes a
commitment to a strategic long-term roadmapping process, not just an independent one-time
exercise,

B.2. Role of roadmap manager

The next important factor is the roadmap development manager’s motivation to construct a
technically credible and visionary roadmap. The roadmap manager sets the boundary
conditions and constraints on the roadmap scope, structures the working groups, and selects
the final roadmap elements from myriad inputs. In some organizations, the roadmap manager
has the latitude to establish the complete roadmap development process and criteria, and
decide on the make-up of roadmap participants with the requisite expertise.

B.3. Competence of roadmap participants/team

The development experis’ competence and objectivity are extremely important. Each
expert should be technically competent in his/her subject area, and the competence of the
total roadmap development team should cover the multiple research, techmology, and
mission/product-line areas critically related to the science or technology area of present
interest. In addition, the team’s focus should not be limited to disciplines related only to
the present technology area (that tends to reinforce the status quo and commit development
along very narrow lines), but should be broadened to disciplines and technologies that
have the potential to impact the overall roadmap’s highest-level objectives (that would be
more likely to provide equitable consideration to revolutionary new paradigms or
innovations).

B.4. Stakeholder-driven

A roadmap should have a clear sense of purpose and ownership for it to be successful
Thus, industry roadmaps are most successful when driven by industry, even if govem-
ment, universities, and consortia are big players in the process. Likewise, product-
technology roadmaps are best done by those responsible for the outcome (e.g., the
product manager).

B.5. Normalization and standardization

For roadmaps that will be used as a basis for comparison of S&T programs or projects,
another important factor is normalization and standardization across different roadmaps,
development teams, and S&T areas. For S&T areas that have some similarity, use of
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common experts (on the development teams) with broad backgrounds, which overlap the
disciplines, can provide some degree of standardization. For very disparate S&T areas,
some allowances need to be made for the relative strategic value of each discipline to the
organization, and arbitrary corrections applied for benefit estimation differences and
biases.

B.6. Roadmap criteria

Criteria for roadmap component selection are also required. For retrospective roadmaps,
that tend to focus on the critical S&T events that led to successful technologies/systems, the
definition of criteria for: “successful” and “critical” is of utmost importance for establishing
the credibility of the roadmap. In all roadmaps, it is crucial to define criteria for selecting
nodes, quantifying nodes, and quantifying links.

B.7. Reliability

A factor of equal importance to criteria is reliability or repeatability. To what degree would
a roadmap be replicated if a completely different development team were involved in its
construction? If each development team were to construct a completely different roadmap for
the same topic, then what meaning or credibility or value can be assigned to any roadmap? To
minimize repeatability problems, a large segment of the competent technical community (to
the degree possible within organizational constraints) should be involved in the construction
and review of the roadmap.

B.8. Relevance to future actions

Another factor of equal importance to criteria is the relevance of the roadmap to future
actions.

Every S&T Roadmap, and associated data, presented in a study or briefing should have a
decision focus. It should contribute to the answer of a question, which in tum would be the
basis of a recommendation for future action.

Roadmaps, which do not perform this function, become an end in themselves, offer no
insight, and provide no contribution to decision making.

B9 Cost

An additional critical factor is cost. The true total costs of developing a high quality
roadmap with substantial community input can be considerable, but tend to be understated.
For high-quality roadmaps, where sufficient expertise is represented on the development
team, the major contributor to total costs is the time of all the individvals involved
developing and reviewing the roadmap. With high quality personnel involved in the
development and review process, time costs are high, and the total development costs can
be non-negligible.

17



B.10. Global data awareness

A crucial factor is global data awareness. A quality roadmap should include all global S&T
projects, developed systems or operations, or events, that are in any way supportive of or
related to the overall roadmap objectives. This factor is foundational to S&T investment
strategy, and how a program or body of S&T is planned, selected, managed, coordinated,
integrated, and transitioned. It is imperative that the latest information technology resources
be used to the greatest extent possible during the complete roadmap development process to
insure that global S&T resources are being exploited maximally.

-

B.11. Functional node relationships

Roadmaps should incorporate functional relationships among nodes, wherever possible, to
allow parameter sensitivities to be examined [40]. The impact of cost, performance, schedule,
and risk variations for any node (S&T program/project) on adjacent nodes and on total
system performance should be straightforward to calculate using different trade-off tech-
niques.

B.12. Flexible display

Effective utilization of these sensitivity and parametric variation studies requires that modern
roadmaps display techniques using the latest in information technology. Roadmaps are
intrinsically node and link attributes covering many dimensions, and any effective display
technique requires the capability to traverse many dimensions rapidly and easily. Most present
roadmap manifestations are in two-dimensional ferm, severely limiting portrayal of the com-
plex network dynamics occurring. The Zurcher and Kostoff [39] roadmaps were two-dime-
nsional graphical representations that used a variety of physical display techniques (colors,
shadings, line breaks, etc.) to effectively increase the number of dimensions/attributes
displayed. To utilize the full display power of present-day technology, computer-based
hyper-linked systems are required to display the roadmap dynamics across the fundamental
dimensions of cost, performance, risk, and schedule. Additionally, these systems should have
the capability to incorporate additional dimensions such as node definitions, node background/
history, coordination of any technology node with other technologies, representation of any
technology node in the context of global efforts in related technology development, performers
for each technology node, progress/products for each technology node, potential multiple
applications of each technology node, funding adequacy of each node, and other attributes and
narrative information.
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Selected Partially Annotated Bibliography of Disruptive Technologies

Peterson, L, Anderson, T,Culler, D, Roscoe, T, A blueprint for introducing disruptive
technology into the Internet, COMPUTER COMMUNICATION REVIEW, 33:1, 59-64,
Jan 2003

This paper arguesthat a new class of geographically distributed network servicesis
emerging, and that the most effective way to design, evaluate, and deploy these servicesis
by using an overlay-based testbed. Unlike conventional network testbeds, however, we
advocate an approach that supports both resear cher s that want to develop new services,
and clientsthat want to usethem. Thisdual use, in turn, suggests four design principlesthat
are not widely supported in existingtestbeds: services should be ableto run continuously
and access a slice of the, overlay's resour ces, control over resour ces should be distributed,
overlay management services should be unbundled and run in their own slices, and API's
should be designed to promote application development. We believe atestbed that supports
these design principleswill facilitate the emer gence of a new serviceoriented network

ar chitecture. Towards this end, the paper also briefly describesPlanetL ab, an overlay
network being designed with these four principlesin mind.

Barrett, PS, Hybrid concrete: improved processes and performance, PROCEEDINGS OF
THE INSTITUTION OF CIVIL ENGINEERS-STRUCTURES AND BUILDINGS, 156:2,
May 2003.

This paper presentstheresultsof a study of three very successfulHybrid* concrete
projects. Supply chain analyses are described and, in the event, the situationsfound are
typified as networks. Problem areas are identified together with variousillustrations of
good practice, with a particular stresson the necessity for intensive and effective informal
communications. The particular problems attendant on the design side of the process,
rooted in role confusion and alack of designfixity are highlighted. Thislinksto the
suggestion that asthe knowledge of Hybrid systems becomes better understood and ismore
fully communicated through codification then many of these problems should evapor ate.
That is, Hybrid can move from being a disruptive technology and become a sustaining
technology for theindustry and itsclients.

King, SM, Verlinden, M, Christensen, CM, Through the looking glass of disruptive
technology, SOLID STATE TECHNOLOGY, 46:4, April 2003.

Bucher, P, Birkenmeier, B, Brodbeck, H, Escher, JP, Management principles for evaluating
and introducing disruptive technologies: the case of nanotechnology in Switzerland, R & D
MANAGEMENT, 33:2, March 2003.

In this paper we addresstheissue of evaluating and introducing disruptive technologies.
The empirical data was compiled in an interview-based survey of 20 Swiss or ganizations of
different sizesand from different industries. All of them have been facing theissue of
evaluating nanotechnology, and most of them are currently dealing with the introduction of
nanotechnology in their products and processes. The underlying framewor k was elabor ated
using approaches mainly found in the following streams of technology management
literature: technology intelligence, technological decision-making, and technological
capability building. The aim of our project was not to advance new management concepts,
but to elaborate management principles allowing the organizations to master the challenges
during evaluation and introduction of disruptive technologies. We defined these principles
through identifying success factor s as well as possible pitfalls, and by distilling best
management practices in evaluating and introducingnanotechnology.

21



Curley, MG, Peer-to-peer computing enabled collaboration, COMPUTATIONAL
SCIENCE-ICCS 2002, PT ||, PROCEEDINGS, 2330, 2002.

This paper discusses how peer-to-peer computing is emerging as a disruptive technology for
global collabor ative solutions. It explains how peer-to-peer computing can enable Dew
collabor ative solutions while significantly decreasing I T costsand improving I T asset
utilization. An overview of the technology and usage models ar e discussed whilst the
benefits areillustrated through a short case study from Intel. Finally the value proposition
for peer-to-peer computing is summarized.

Sandy, LG, Schroeder, SA, Primary carein a new era: Disillusion and dissolution?,
ANNALS OF INTERNAL MEDICINE, 138:3, 4 Feb 2003.

Thecurrent dilemmasin primary care stem from 1) the unintended consequences of forces
thought to promote primary care and 2) the " disruptive technologies of care" that attack
the very function and concept of primary careitself. This paper suggeststhat these forces,
in combination with "tiering" in the health insurance market, could lead to the dissolution
of primary care as a single concept, to be replaced by alignment of clinicians by economic
niche. Evidence already existsin the marketplace for bothtiering of health insurance
benefitsand corresponding practice changes within primary care. In the future, primary
carefor thetop tier will cater to the affluent as " full-service brokers' and will be delivered
by awide variety of clinicians. The middle tier will continueto grapple with tensions
created by patient demand and bureaucratic systems but will remain most closely aligned to
primary care as a concept. The lower tier will become increasingly concerned with
community health and social justice. Each primary care specialty will adapt in a unique
way to atiered world, with general internal medicine facing the most challenges. Given this
forecast for the future, those concerned about primary care should focus less on workfor ce
issues and more on macr o health care financing and or ganization issues (such as Medicare
reform); appropriate training models; and the development of a conception of primary care
that emphasizes values and ethos, not just function.

Kirchhoff, BA, Kassicieh, SK, Walsh, ST, Introduction to the special cluster on the
commer cialization of disruptive technologies and discontinuous innovations |EEE
TRANSACTIONS ON ENGINEERING MANAGEMENT, 49:4, Nov 2002.

Myers, DR, Sumpter, CW, Walsh, ST, Kirchhoff, BA, A practitioner'sview: Evolutionary
stages of disruptive technologies, |[EEE TRANSACTIONS ON ENGINEERING
MANAGEMENT, 49:4, Nov 2002.

Resear chersat Sandia National L aboratories have seen that disruptive technologies when
successful evolve into three distinct stages. Each stageis characterized by a distinct market
sizeand level of infrastructure. Each stage elicits specific behavioral responses. Stagel is
achieved when the proposed concept is demonstrated. At this point, the technology has not
found a market and essentially none of therequired infrastructure exists. In Stage 2, the
emer gent technology establishes a specific application for alimited market, which enables
the development and maturation of a limited infrastructure. Stage 3 is achieved when the
technology achieves widespread application in the solution set for product developers.
Experience suggeststhat Stage 2is achieved only when the disruptive technology can
provide a unique solution to a problem of substantial importance. However, to expand to
the commercial maturity accomplished in Stage 3, the emer gent technology must either
continue to find important but unresolved problemsor alternatively must compete for
differential advantage against the defensive innovations of established technologiesin the
targeted application areas. " True believers' who are committed to the emergent technology
sustain Stage 1 and Stage 2 activities. Finally, the author s note theimportance of targeting

22



the correct application area to evolve the technology from Stage 2 to Stage 3 behavior. The
evolution from Stage 2 to Stage 3 can be consider ed a coupled system asthe emer gent
technology encounter s feedback from the marketplace and competition from established
technologies. Thesefactorsintroducenonlinearitiesin the system, making the application of
traditional linear technology forecasting techniques problematic for emer gent technologies.
Theauthors provide anecdotal evidencein the form of a case study centered on ion
implantation, a disruptive technological step in a sustaining technology platform.

Walsh, ST, Kirchhoff, BA, Newbert, S, Differentiating market strategiesfor disruptive
technologies, IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT, 49:4, Nov
2002.

Theliteratureisfull of anecdotesthat show new small firms attacking existing markets with
innovations based upon disruptive technologies and achieving phenomenal success. Because
of this, sometheoristsarguethat disruptive technologies are best commercialized by new
small firms. If thisistrue, can alogical rationale be developed that explains thisunique
capacity of new firms? If so, can empirical research of new and established firmsin an
industry fraught with a disruptive technology identify the advantages that new firms have
over established firmsin the commer cialization process?The purpose. of this paper isto
examine the different roles of established and new firmsin disruptive technology
commercialization. The authors begin by developing a model of the innovation process
beginning with technology creation and ending with user adoption and application. From
thismodel they develop propositions for testing. The authors use survey data collected from
72 micr o- electr o-mechanical-systems (M EM S) manufacturing firms. Their resultsfrom the
MEM Sindustry show that established firmsrarely commercialize disr uptive technologies
and then prefer to use market-pull strategies to accomplish this. New firms select primarily
disruptive technologies and choose either market-pull or technology-push strategiesfor
commer cialization. Perhaps moreimportant; timeto market for new firmsis one-fourth
that for established firms. Theseresults suggest that new firms have two advantagesin
commercialization of disruptive technologies-flexibility in marketing strategy and much
shorter timesto market.

Linton, JD, Forecasting the market diffusion of disruptive and

discontinuous innovation, |[EEE TRANSACTIONS ON ENGINEERING MANAGEMENT,
49:4, Nov 2002.

This paper builds on existing knowledge of diffusion forecasting and integratesit with the
disruptive and discontinuousinnovation literature. Thus, a model is developed for
forecasting discontinuous and disruptive innovations. This model takesinto account the
multiple markets served by discontinuous and disruptive innovation. Therole of learning
curve effectsis also considered. Guidelines, based on the existing literature, are offered for
the application of this methodology to forecasting the market diffusion of discontinuous and
disruptive innovation. The ability to better forecast the market diffusion of disruptive and
discontinuousinnovation is especially important now since the conver gence of many fields
and advancesin other areas are creating unprecedented amounts of disruptive and
discontinuousinnovation.

Kassicieh, SK, Walsh, ST, Cummings, JC, McWhorter, PJ, Romig, AD, Williams, WD,
Factor s differentiating the commer cialization of disruptive and

sustaining technologies, IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT,
49:4, Nov 2002.

The nature of disruptive and sustaining technologies is sufficiently different to require
different activities for the commer cialization of these technology categories. Few theorists
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have developed conceptual schemes about the different methods of commer cializing these
technologies. The authorstakethefirst stepsin investigating these differences by
contrasting firmsthat commer cialize disr uptive technologies with those that commercialize
sustaining technologies. They reveal major differences and analyzethesein terms of four
major commer cialization components: product realization, revenue generation, resear ch
support, and market potential. Several hypothesesregarding size of the firm, itsfinancial
risk profile, and its R& D strategy are utilized.

Winseck, D, Netscapes of power: conver gence, consolidation and power in the

Canadian mediascape, MEDIA CULTURE & SOCIETY, 24:6, Nov 2002.

Grounded in a study of the Canadian mediascape, thisarticle arguesthat trendstoward
media owner ship consolidation are having a fundamental impact on broadcasting and the
evolution of cyber space asawhole. | arguethat current trendsreflect therise of what we
can call '"Machiavellian media’' - communication and information systems saddled with
threetasks: building the information society; populating cyber space with workers/
citizens/users; and projecting the 'brand image' of nation-states on a global plane. The
article critiquesthe notion that new media, especially theinternet, are disruptive
technologies. Among other things, cyber spaceisa class-divided space. Morethan this,
though, networks - the basis of many 'new media’ - are power ful entities and those who
control them influence content providers accessto people and people's access to content.
Thearticlealso analyzesthree other factorsthat are affecting the evolution of networks and
cyber space: attemptsto design 'netscapes of power', the privatization of cyberlaw, and
‘walled garden' strategies. Together, these strategies seek to changethe Internet into a
mainly 'read-only' medium and tocyber netically integr ate audiences, content and all
organizational resourcesinto a self-referentially enclosed infor mation system gover ned by
multimedia conglomer ates need to defend their investmentsin a model of media evolution
that has, at best, weak cultural foundations.

Birat, JP, Innovation paradigmsfor the steel industry of the 21st

Century. Futuredirectionsfor steel industry and continuous

Casting, REVUE DE METALLURGIE-CAHIERS D INFORMATIONS TECHNIQUES,
99:11, 2002.

TheHistory of Industry mirrorsthe History of Society, by which it is also reflected. Its
purposeisto describe the emergence of technologies which exhibit a personality of their
own and not only bring out new possibilities, but also a stiffnessto which all stakeholders
should to some extend yield, especially the decision makersin businesscircles. Technologies
that succeed commercially are those which are able to provide sustainable answersto the
demands put forward successively by each one of them. These robust technologies, which
arenot identical to the disruptive technologies of K.Brimacombe, meet criteria, which in
effect aretrueinnovation paradigms. A list of theseis proposed here, sstemming from a
retrospective analysis of process development in the steel industry. It is probably
adventurousto project these into a technological forecasting exer cise, due to the non-
deterministic nature of history. But thisisan interesting way to focus on the challenges that
should be met in the future and that no stakeholder would refuse to face.

Cosier, G, Hughes, PM, The problem with disruption, BT TECHNOLOGY JOURNAL,
19:4, Oct 2001.

Back in January 1995 Clayton Christensen and Joseph Bower wrote an article, 'Disruptive
Technologies. catching the wave', in the Harvard Business Review, in which they argued:
'"No matter theindustry, a corporation consists of business unitswith finite life spans: the
technological and market bases of any business will eventually disappear. Good businesses
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will often be adept at managing a process of incremental improvement, but thiskind of
incremental change, what they call 'sustaining technologies', isnot the focus of this paper
but rather disruptive technologies, which changetherulesand leave established businesses
with nowhereto go.

Hughes, PM, Cosier, G, What makes a revolution? Disruptive technology and social
Change, BT TECHNOLOGY JOURNAL, 19:4, Oct 2001.

Never before? Every age tendsto think it is special, facing problems that have never
occurred before the'arrogance of the present'. Disruption has occurred before, yet this
generation (or thelast, or the next) might well be facing unique problems. There is good
evidencethat special timesare hereor hereabouts. Globalisation isnew mankind has
always totally remade or devastated small areas of the planet, but now we have the capacity
to affect everywhere at once. The Max Plank Institute predicts demographic trends. One
such prediction saysthat around 2070 the human population will start to decline for
reasons other than disaster or disease that will be thefirst timein history that material
success hasled to fewer people on Earth. So maybethere are sometruly new effectsto be
considered. What might be new about disruption thistime areits speed, strength of impact,
and the global compass of its effect.

Hughes, PM, Cosier, G, Whose power isit anyway?, BT TECHNOLOGY JOURNAL, 19:4,
Oct 2001.

Disruptive technologies disrupt not because no one seesthem coming, nor because of their
technical superiority, but because something in their balance of price and performance
meets a social or consumer need, with the result that they displace an established way of
meeting market demand. Disruption then, is as much about society asit isabout technology,
although thetwo areinextricably intertwined.

Kassicieh, SK, Kirchhoff, BA, Walsh, ST, McWhorter, PJ, Theroleof small firmsin the
transfer of disruptive technologies, TECHNOVATION, 22:11, Nov 2002.

Thetransfer of technologies from gover nment-operated resear ch laboratoriesto
commercial firmscan be a challenging process especially for small and emerging
entrepreneurial firms. Since the National L abor atories have become major creators of
disruptive technologies and small firms are more apt to commer cialize disruptive
technologies, it isimportant to get small firmsinvolved in these processes. This paper covers
an innovative program used by Sandia National L aboratoriesto transfer micro-€lectro-
mechanical systems' technology to small firmsthrough training, prototyping and access
provided to all small and largefirmsalike providing theimpetusto small and
entrepreneurial firmsto create successful innovationsthat can generate new industries. The
effect of the model on small and large firmsis also shown over thelast few years.

Martin, M, Revolutionary innovation in a fiscally constrained environment, NAVAL
ENGINEERSJOURNAL, 112:4, July 2000.

For many years now, U.S. defense acquisition and for ce structure decisions have been based
on the premise that the U.S. can and will maintain a commanding technological advantage
over potential adversaries. The widespread access to a wide variety of moderntop of the
fine technologies made possible by the globalization of technology research and industrial
bases and vastly improved communications has raised concern asto the validity of this
premise. This paper discusses theimportance of maintaining the ability within U.S. defense
and industrial infrastructuresto continueto lead the way in developing and integrating
breakthrough technologies to maintain the U.S.'s technological advantage and therole of
naval engineersin fostering and managing innovation. It discusses some of the significant
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obstacles and impacts to the processes of innovation imposed by theinertia within the U.S. S
well- developed defense and industrial infrastructuresand today's fiscally constrained
defense environment. The need for stable properly prioritized and managed defense
resear ch and development resour ces independent of major platform acquisition programs
in order to ensuretheU.S.'sability to adjust and adapt to strategic uncertainty isidentified.
Differ ences between moder nization appr oaches based on incremental, evolutionary change
to existing systems and " disruptive" technology, which facilitates the transition from one
established path of technology evolution to another, enabling revolutionary change, are also
discussed.

Ferrary, M, Managing the disruptive technologieslife cycle by

externalising the resear ch: social network and corporate

venturing in the Silicon Valley, INTERNATIONAL JOURNAL OF TECHNOLOGY
MANAGEMENT, 25:1-2, 2003.

The capability to generate and develop disruptive technologies drivesthe market in the
high-tech sector. Traditional strategic theory recommendsinternalisation of R& D to keep a
competitive advantage. The Silicon Valley example points out that the most successful high-
tech companies such as Cisco Systems, I ntel and Sun exter nalise their research by doing

cor por ate venturing. These companies manage their portfolio of technologies by acquiring
small businessesthat have developed disruptive technologies. This kind of acquisitive
strategy needs specific or ganisational and managerial practicesto embed the lar ge company
in theindustrial-network structure of the Silicon Valley. Thus, managers of innovation have
to get alarge social capital to gather information inside business networks.

D'Aveni, R, Theempirestrikes back - Counterrevolutionary strategiesfor

industry leaders, HARVARD BUSINESS REVIEW, 80:11, Nov 2002.

Industry leadersfrequently worry that their companieswillfall victim to some
revolutionary business model or disruptive technology. But new resear ch showsthat it's
strategically better for incumbentsto counter arevolution than toignoreor fully embrace
it. Successful incumbents rely on one or more of five approachesto restrain, modify or, if
necessary, neutralize arevolutionary threat. Acompany that perceivesarevolution in its
earliest stages can use containment strategies. By throwing up roadblocks - raising
switching costs, perhaps, or launching discrediting PR efforts - an incumbent can often limit
the degreeto which customer s and competitor s accept a nascent insurgency. And,
sometimes, revolutions diethere. If not, early containment buys a company sometimeto
shapetherevolution so that it complements, rather than supersedes, theincumbent's
strengths. And even if shaping effortsfail, they can give an industry leader moretimeto
work out how to absorb thethreat by bringing the new competencies or technologiesinside
thefirm in such a way that they don't destroy itsexisting strengths and capabilities. When
revolutions have progressed too far to slow them down, incumbents must take a more
aggressive tack. Neutralizing strategies meet a revolution head-on and terminateit-by, say,
temporarily giving away the benefits offered by the challenger for free. Annulment
strategies allow the market leader to leapfrog over or sidestep thethreat. Thesefive
strategic approaches need not be used in isolation, as a detailed case study of the way
Anheuser-Busch countered the craft-beer revolution dramatically demonstrates. Sensible
industry leaders do not lead revolutions; they know they may not survive the attempt.
Instead, they prefer to lead counter-revolutions.

Anderson, B, Gate, C, Gower, AP, France, EF, Jones, MLR, Lacohee, HV, McWilliam, A,

Tracey, K, Trimby, M, Digital living - peoplecentred innovation and strategy, BT
TECHNOLOGY JOURNAL, 20:2, Apr 2002.
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Thispaper providesa summary of a research programmeat BTexact Technologieswhich is
aimed at helping a technology innovation company to ground itsinnovations, to see
opportunitiesfor the exploitation of itstechnologies, and to createsocio-technical visions
which can help to drive technological innovation itself. Asa by-product, theprogramme has
also created strategic knowledge that is of critical importanceto public and private
policy/decision makersalike. Thisresearch isa key part of BT exact Technologies approach
to the creation of and response to disruptive technologies. Under standing 'usage by people
isabsolutely critical to figuring out what is disruptive about technologies, why thisisso, and
ther efore how to make money out of them. Sincethisiscritical to several of BTexact'score
competencies (and to those of its customers), the value of the research reported hereis self-
evident both to BTexact and to its customers. Without it, they will only ever make money by
accident, a strategy that shareholders do not seem to find amusing.

[Anon], Six next-gen disruptive technologies, COMMUNICATIONSNEWS, 39:8, Aug
2002.

Adner, R, When are technologies disruptive? A demand-based view of the

emer gence of competition, STRATEGIC MANAGEMENT JOURNAL, 23:8, Aug 2002.
By identifying the possibility that technologies with inferior performance can displace
established incumbents, the notion of disruptive technologies, pioneered by Christensen
(1997), has had a profound effet on the way in which scholars and manager s approach
technology competition. While the phenomenon of disruptive technologies has been well
documented, the underlying theoretical drivers of technology disruption are less well
understood. Thisarticle identifies the demand conditions that enable disruptive dynamics.
By examining how consumer s evaluate technology, and how this evaluation changes as
performance improves, it offers new theoretical insight into theimpact of the structur e of
the demand environment on competitive dynamics. Two new constructs-preference overlap
and preference symmetry-areintroduced to characterize the relationships among the
preferences of different market segments. The article presents a formal model that
examines how theserelationshipslead to the emergence of different competitiveregimes.
The model isanalyzed using computer simulation. Thetheory and model results hold
implicationsfor under standing the dynamics of disruptive technologies and suggest new
indicatorsfor assessing disruptivethreats.

Shoemaker, DD, Linsley, PS, Recent developmentsin DNA microarrays, CURRENT
OPINION IN MICROBIOLOGY, 5:3, June 2002.

DNA microarrays are used to quantify tens of thousands of DNA or RNA sequencesin a
single assay. Upon their introduction approximately six yearsago, DNA microarrays were
viewed as a disruptive technology that would fundamentally alter the scientific landscape.
Supporting thisview, the number of applications of DNA microarray technology has since
expanded exponentially. Here, we review recent advancesin microarray technology and
selected new applications of the technology.

Drejer, A, Towards a model for contingency of Management of Technology,
TECHNOVATION, 22:6, Jun 2002.

Thefoundation of this paper isa discussion of how different traditions and approachesto
Management of Technology (MoT) at the company level can be divided into schools of
thought based on arich view of the environmental challenges facing companiestoday.
Obviously, contingency factor s should berelated to empirical challenges of firms, thereby
enabling technology managersto apply MoT theory pragmatically. It isargued that the
existing mappings of MoT theory are. indeed, not sufficiently related to empirical
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contingency factors. Thus, the main purpose of the paper isto discuss such empirical
contingency factorsthat could be applied to MoT theory and makeit more useful for
technology managersin practice. The well-known distinction between technology
exploitation and disruptive technological changeis discussed and dismissed astoo
simplistic. Instead. three situations for technology management are formulated and briefly
related tothe MoT theory to round up the paper. Thelatter formsthe main contribution of
the paper.

Gilbert, C, Bower, JL, Disruptive change - When trying harder is part of the problem,
HARVARD BUSINESS REVIEW, 80:5, May 2002.

When a company facesa major disruption in its markets, managers' per ceptions of the
disruption influence how they respond toit. If, for instance, they view the disruption asa
threat to their core business, managerstend to overreact, committing too many resour ces
too quickly. But if they seeit asan opportunity, they'relikely to cor m-nit insufficient
resourcesto its development. Clark Gilbert and Joseph Bower explain why thinking in such
stark terms - threat or opportunity- is dangerous. It's possible, they argue, to arriveat an
organizational framing that makes good use of the adrenaline athreat creates aswell as of
the creativity an opportunity affords. The authors claim that the most successful companies
frame the challenge differently at different times: When resour ces ar e being allocated,
manager s see the disruptive innovation asathreat. But when the hard strategic work of
discovering and responding to new markets begins, the disruptive innovation istreated as
an opportunity. The ability to reframe the disruptive technology as circumstances evolve is
not an easy skill to master, the authorsadmit.in facts it might not be possible without
adjusting the organizational structure and the processes governing new business funding.
Successful companies, the author s have determined, tend to do certain things: They
establish a new venture separate from the core business; they fund the venturein stages as
Markets emerge; they don't rely on employees from the core organization to staff the new
business; and they appoint an active integrator to manage the tensions between the two
organizations, to nameafew. Thisarticlewill help executives frameinnovationsin more
balanced ways-allowing them to recognize threats but also to seize opportunities.

Christensen, CM, The opportunity and threat of disruptive technologies, MRS BULLETIN,
27:4, Apr 2002.

Van Horn, R, Disruptive technology, PHI DELTA KAPPAN, 83:7, Mar 2002.

Saleri, NG, " Learning" reservoirs. Adapting to disruptive technologies, JOURNAL OF
PETROLEUM TECHNOLOGY, 54:3, Mar 2002.

Wagner, HN, The Internet: theroad to more effective PET, QUARTERLY JOURNAL OF
NUCLEAR MEDICINE, 45:3, Sep 2001.

Wemay livein the Information Age, but so far information technology (IT) has had little
impact on how most nuclear medicine physicians and radiologists practice medicine. Many
remain skeptical that I T can improvethe care of patients, increase productivity, or enhance
income. They fail to recognize that I T isa disruptive technology that will leave behind those
who do not embraceit. Although hospital physicians often examine radiographic images
and to a lesser degree pathology slides along with the responsible radiologist or pathologist,
this collaboration occur s less often than it should in office practice. Teams of radiologists,
nuclear medicine physicians, and referring physicians can use the Internet for the high-
quality transfer and display of images for simultaneous consultation. People can now be
connected electronically in ways never before possible, and in the next generation at speeds
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that will become a thousand times faster. Nuclear medicine can take advantage of its unique
position as an early adopter of digital technology to lead the way asthe practice of medicine
ischanged forever.

Talbot, D, DARPA'sdisruptivetechnologies, TECHNOLOGY REVIEW, 104:8, Oct 2001.

Altman, ER, Ebcioglu, K, Gschwind, M, Sathaye, S, Advances and future challengesin
binary translation and optimization, PROCEEDINGS OF THE | EEE, 89:11, Nov 2001.
Binary translation and optimization have achieved a high profilein recent yearswith
projects such asthe IBM DAISY open-sour ce project, Transmeta Crusoe, HP Dynamo,
Java JIT compilerssuch asLaTTe, and many others. Binary, translation has several
potential attractions: Architecture can become a layer of software, which allows the
implementation of complex legacy ar chitecture(s) through simple hardware and the
introduction of novel new ar chitecture and microar chitecture concepts without forcing any
soft-war e changes. Secondly, binary translation enables significant softwar e optimizations
of the kind that would push the complexity boundariesif done with hardware alone. While
still in itsearly stages, could binary translation offer a new way to design processors, i.e., is
it a disruptive technology, the term popularized by Prof. Clayton Christensen? This paper
discusses thisinteresting question, examines some exciting futur e possibilities for binary
trandation, and then gives an overview of selected projects (DAISY Crusoe, Dynamo, and
LaTTe). Onefuture possibility for binary trandation isthe Virtual I T Shop. Companies
such asLoudcloud currently provide computational resour ces assen,ices over the Web,
These seri,icesaretypically implemented through large and secure server farms. If a
variety of customersareto be supported, a variety of ar chitectures (x86, Power PC, Sparc,
etc.) must be present in the fat-in. of necessity, the number of machines from each
architectureis statically determined at present, thuslimiting utilization and increasing cost.
Binary translation offersa possible solution for better utilization: architecture asalayer of
softwar e, and hence dynamic configuration of the number of machinesfrom each

ar chitecturein such farms. Vielnternet isradically changing the soft+i,are landscape, and
isfostering platform independence and inter oper ability, with paradigms such as XML,
SOAP, and Java. Along the lines of softwar e conver gence, recent advancesin binary JIT
optimizations also present the future possibility of a convergence virtual machine (CVM).
CVM issimilar tothe Jam Virtual Machine (JVM) in that both seek to facilitate awrite-
once, run-anywhere model of softwar e development. However, the JVM suffersfront the
drawback that existing C/C++ applications and existing operating Systems do not run on it.
CVM aimsto addresstheremaining resear ch challengesin allowing the same standard OS
and application object code to run on different hardwar e platforms, through state-of-the-
art JIT compilation and virtual device emulation.

Ennis, LA, Tl Peer-to-peer: Harnessing the benefits of a disruptive

technology., JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION
SCIENCE AND

TECHNOLOGY, 52:13, Nov 2001.

Brody, AB, Gottsman, EJ, Pocket Bargain Finder: A handheld device for augmented
commerce, HANDHEL D AND UBIQUITOUS COMPUTING, PROCEEDINGS, 1707,
19909.

The Internet has engendered a new type of commer ce, commonly referred to as electronic
commer ce, or eCommerce. But despite the phenomenal growth of eCommerce, the vast
majority of transactions still take place within the realm of traditional, physical commerce.
Pocket BargainFinder isahandheld device that seeksto bridge the gap between electronic
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and traditional commerce. It represents one of the earliest examples of a new breed of
commer ce we call augmented commer ce. With Pocket BargainFinder, a consumer can shop
in a physical retail store, find an item of interest, scan in its bar code, and sear ch for a lower
price among a set of onlineretailers. The device allows customersto physically inspect
productswhile simultaneously comparison shopping online (where prices ar e often lower.)
Assuch, Pocket BargainFinder is an example of a disruptive technology that may well
transform the natur e of both electronic and physical commerce. With consumers ableto
find the best price regardless of where they shop, the physical retailer isleft at a distinct
disadvantage.

Bullock, G, The new economy and disruptive technologies - Impacts on the

sugar industry, INTERNATIONAL SUGAR JOURNAL, 103:1233, Sep 2001.

The pace of technological advancesin the knowledge-intensive sector s such as computing,
telecommunications and phar maceuticals have brought about significant transformationsin
the development of new products and services. In therelatively less knowledge-intensive
agro-processing sector such as sugar, advances have been incremental rather than
disruptive. However, recent developmentsin the sugar sector suggests otherwise. This
paper highlightsthese.

Loutfy, R, Belkhir, L, Managing innovation at Xerox, RESEARCH-TECHNOLOGY
MANAGEMENT, 44:4, July-Aug 2001.

The careful and painstaking corporate planning cycle used in the typical established

cor poration isinherently biased toward incremental improvementsin the company's
existing businesses. Furthermore, it tendsto be unfavourableto thenurturing and
development of disruptive technologies and radical business concepts, which in turn setsa
serve limitation on the growth prospects of these lar ge companies and their ability to
compete against aggr essive newcomers. Xer ox has attempted to pull itself out of this
predicament by the creation of new cor porate innovation processes, including most recently
the Xerox Technology Enterprise.

Prusak, L, Cohen, D, How to invest in social capital, HARVARD BUSINESS REVIEW,
79:6, Jun 2001.

Businessruns better when people within a company have closeties and trust one another.
But the relationshipsthat make organizations work effectively are under assault for several
reasons. Building such " social capital” isdifficult in volatile times. Disruptive technologies
spawn new marketsdaily, and organizationsrespond with constantly changing structures.
The problem iswor sened by thevirtuality of many of today's wor kplaces, with employees
wor king off-siteor on their own. What's mor e, few managers know how to invest in such
social capital. The authors describe how managers can help their organizationsthrive by
making effective investmentsin social capital. For instance, companiesthat value social
capital demonstrate a commitment to retention as a way of limiting workplace volatility.
Theauthors cite SAS'sextensive effortsto signal to employeesthat it seesthem ashuman
beings, not just workers. Managers can build trust by showing trust themselves, aswell as
by rewarding trust and sending clear signalsto employees. They can foster cooper ation by
giving employees a common sense of purpose through good strategic communication and
inspirational leader ship. Johnson & Johnson's well-known credo, which saysthe company's
first responsibility isto the people who use its products, has helped the company in times of
adversity, asin 1982 when cyanidein Tylenol capsuleskilled seven people. Other methods
of fostering cooper ation include rewar ding the behavior with cash and establishing rules
that get peopleinto the habit of cooperating. Social capital, once a given in organizations, is
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now rare and endangered. By investing in it, companies will be better positioned to seizethe
opportunitiesin today's volatile, virtual business environment.

L oPiccolo, P, Disruptive technologies, COMPUTER GRAPHICSWORLD, 24:5, May 2001.

Christensen, C, Craig, T, Hart, S, Thegreat disruption, FOREIGN AFFAIRS, 60:2, Mar-
Apr 2001.

A key reason national economiesriseand fall these daysistheir ability to nurture

" disruptive technologies' -innovationsthat lead to new classes of productsthat are cheaper,
better, and more convenient than their predecessors. America's ability to exploit disruption
hasled to itsrecent boom, while Japan'sfailureto do so hasled to stagnation. Other
countries should heed the lesson.

Tovstiga, G, Fantner, EJ, Implications of the dynamics of the new networked economy for
e-business start-ups. the case of Philips' Access Point, INTERNET RESEARCH-
ELECTRONIC NETWORKING APPLICATIONSAND POLICY, 10:5, 2000.

Explores how the spread of connectivity and the introduction of new standardsisdriving
the emer gence of entirely new value constructsthat deliver to multiple stakeholders.
Examinesthe new economics of network growth and the associated " economics of
increasing returns'. Looks at the dynamic trajectory of thisfunction from the per spective
of new business development at the various stages of the trajectory and derives
management implicationsfor each stage in terms of appropriate competitive and market
strategies, organizational structure and management practices. Appliesthe resulting
framework to discuss specific implicationsfor the business start-up of Access Point, Philips
new multimedia, voice technology-based information and on-line services venture that has
at its core a disruptive technology.

Nault, BR, Vandenbosch, M B, Resear ch report: Disruptive technologies - Explaining entry
in next generation information technology markets, INFORMATION SYSTEMS
RESEARCH, 11:3, Sep 2000.

Themost difficult challenge facing a market leader is maintaining itsleading position. This
isespecially truein information technology and telecommunicationsindustries, where
multiple product generations and rapid technological evolution continually test the ability
of the incumbent to stay ahead of potential entrants. In these industries, an incumbent often
protectsits position by launching prematurely to retain its leader ship. Entry, however,
happensrelatively frequently. Weidentify conditions under which an entrant will launch a
next generation product thereby preventing the incumbent from employing a protection
strategy. We define acapabilities advantage as the ability to develop and launch a next
generation product at a lower cost than a competitor, and a product with a greater market
responseisonewith greater profit flows. Using these definitions, we find that an incumbent
with a capabilities advantage in one next generation product can be overtaken by an
entrant with a capabilities advantage in another next generation product only if the
entrant's capabilities advantage isin a disruptive technology that yields a product with a
greater market response. This can occur even though both next generation productsare
availableto both firms. We also show that the competition may requirethelaunching firm
to lose money at the margin on the next generation product.

Xu, JM, Plastic electronics and futuretrendsin microelectronics, SYNTHETIC METALS,
115:1-3, Nov 2000.

The celebrated information technology (IT), has been a phenomenal success. But, it isa
narrow one. It has marched along a one-dimensional path of information processing and
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transmission, but extended littleto theleft - acquiring infor mation, or to theright executing
on information. It isin the tremendous space and potential to the left and right of the
evolution path that plastic electronicsis envisioned as an enabling technology.
Complementing the ever more powerful microelectronics, it hasthe potential to be a
disruptive technology to microelectronics. While this has always been a distant possibility in
the past, the time for a major breakthrough is now within sight. This has much to do with
the state of microelectronics and with the recent profound progressin developing organic
electronic materials. Microelectronics, asthe enginedriving today's | T advances, has come
to a crossroads. On theroad to nanoelectronics, one sees exponentially increasing cost and
diminishing return with billion dollar 1C fab cost doubling every generation. The high cost
is, on the one hand, squeezing out all but the largest playersand on the other, slowing down
innovation from within. Troubles at the physical foundation of today's microelectronicsare
of as much concern, if not more so. The wiring challenge and the power dissipation crisis
areonly going to get wor se with each further step of miniaturization. These problemsare
deeply rooted in the much-hyped digitalization, i.e. the paradigm of binary and serial signal
processing. In this state of microelectronics, the opportunitiesfor alternative technologies
are emerging, and will be best pursued if not by our own initiativesthen maybe by the
movement of investors dollarsto areas of greater return. At the crossroads,

micr oelectr onics can go down tonanoelectronics. But, it can also move up to

macr oelectronics, and can extend to the left and to theright, where plastic electronics enters
as an enabling base technology. In contrast to silicon microelectronics, plastic electronics
can belarge-area (macrosize | C, display, memory films), large critical feature size (macro
linewidth), and compatible with a continuousrotary fabrication (printing) processrather
than the batch (lithographic) fabrication. The performance of individual plastic electronic
devicesor ICsisunlikely to march the silicon counter parts- now or ever - one might say.
But disruptive technologies do not have to satisfy the same performance criteria as existing
ones because they addr ess new products and new markets, as the Harvard Business School
teaching goes.

Slywotzky, AJ, Christensen, CM, Tedlow, RS, Carr, NG, The future of commerce
HARVARD BUSINESSREVIEW, 78:1, Jan-Feb 2000.

Aswe enter the twenty-first century, the businessworld is consumed by questions about e-
commerce. In this;article, four close observers of e-commer ce speculate about the future of
commerce. Adrian Slywotzky believes the I nternet will overturn the inefficient push model
of supplier-customer interaction. He predictsthat in all sorts of markets, customerswill use
choiceboar ds-interactive, on-line systemsthat let people design their own products by
choosing from a menu of attributes, prices, and delivery options. And he explores how the
shifting role of the customer-from passive recipientto active designer-will change the way
companies compete. Clayton Christensen and Richard Tedlow agree that e-commerce, on a
broad level, will changethe basis of competitive advantagein retailing. The essential
mission of retailers- getting theright product in theright place at theright priceat the
right time - isa constant. But over the yearsretailers have fulfilled that mission differently
thanksto a series of disruptive technologies. The authorsidentify patternsin the way that
previousretailing transfor mations have unfolded to shed light on how retailing may evolve
in the Internet era. Nicholas Carr takesissue with the widespread notion that the I nter net
will usher in an era of " disintermediation,” in which producers of goods and services
bypass wholesalersand retailersto connect directly with their customers. Businessis

under going precisely the opposite phenomenon-what he callshyper mediation. Transactions
over the Web routinely involve all sorts of intermediaries. It isthese middiemen that are
positioned to capture most of the profits.
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Anderson, KR, From paper to electron: How an STM journal can survive the

disruptive technology of the Internet, JOURNAL OF THE AMERICAN MEDICAL
INFORMATICSASSOCIATION, 7:3, May-Jun 2000.

The Internet represents a different type of technology for publishers of scientific, technical,
and medical journals. Itisnot atechnology that sustains current markets and creates new
efficienciesout is, rather, a disruptivetechnology that could radically alter market for ces,
profit expectations, and business models. This paper isatransation and amplification of
theresearch donein thisarea, applied to alarge- circulation new science journal,
Pediatrics. Thefindings suggest that the journal of the futurewill be electronic, have a less
volatile cost structure, be supported more by servicesthan by content, be lessabletorely on
subscription revenues, and abandon certain elements of current value networks. It also
provides a possible framework for other publishersto useto evaluate their own journals
relativeto thisdisruptive technology.

[Anon], Should you fear disruptive technology?, FORTUNE, 141:7, April 2000.

Clarke, P, Privat, J, Patus, ES, Tsirtsis, G, FreeUnet - disruptive technology | P network
resear ch platform, BT TECHNOLOGY JOURNAL, 18:1, Jan 2000.

FreeUnet is aresear ch platform for futureIP (internetworking protocol) protocols and
applications. Development and experimental softwar e hasto coexist with the demands of
real usersand their daily office automation and intranet/Internet access. This paper
describesits current state and thework for which it is used.

Swanekamp, R, Distributed generation seeks market niches, POWER, 143:6, Nov-Dec 1999.
Proponents say distributed generation isa" disruptive" technology that will forcelarge
central plants and high- voltage transmission linesto go the way of the sliderule. Sure,
there'sroom for innovation. But when you get past the hype, you find some excellent niche
opportunitiesthat-in the for eseeable futur e anyway will befilled largely by old standby
technologies.

Abramovitch, DY, Fuzzy control as a disruptive technology, IEEE CONTROL SYSTEMS
MAGAZINE, 19:3, Jun 1999.

Williams, RS, Computing in the 21st century: nanocir cuitry, defect tolerance

and quantum logic, PHILOSOPHICAL TRANSACTIONSOF THE ROYAL SOCIETY
OF LONDON

SERIESA-MATHEMATICAL PHYSICAL AND ENGINEERING SCIENCES, 356:1743,
Aug 1998.

The geometrical scaling era of microelectronicstechnology will end around the year 2010, if
current extrapolations of physical and economic issues are valid. Computers built then
should be 256 times as capable asthe current generation, according to industry projections.
However, physical laws suggest that it should be possibleto compute non-reversibly at least
10(9) times present speeds with the expenditure of only 1W of electrical power. The
challenges faced by those who intend to build affordable appliances with capabilities far
beyond those of microelectronic circuitsareto invent new computer architectures suitable
for nanometre-scale devices and techniquesto fabricate and assemble vast number s of such
devices inexpensively. These circuits will operate accor ding to quantum mechanical
principles: and will necessarily be very different from those based on present technology.
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Mensour, NA, Margaritis, A, Briens, CL, Pilkington, H, Russell, I, Developmentsin the
brewing industry usingimmobilised yeast cell bioreactor systems, JOURNAL OF THE
INSTITUTE OF BREWING, 103:6, Nov-Dec 1997.

The use of immobilised yeast cell systemsin industry has been extensively reported in the
literature. The brewing industry is closely examiningimmobilisation technology and
evaluating its merits. Variousimmobilisation methods ar e available to researchersand the
nature of the application often dictates the choice of animmobilisation matrix. Industrial
scale systemsutilising immobilised yeast cells adsorbed to pre- formed carriers have been
used for the production of low alcohol beers and for maturation or secondary fermentation
of beer. Research relating to the primary fermentation of beer continues and several groups
have developed laboratory scale systems. An overview of the respective technologiesis
provided and several relevant industrial applications cited.

Bower, JI, Christensen, Cm, Disruptive Technologies— Reply, HARVARD BUSINESS
REVIEW, 73:3, May-Jun 1995.

Marks, G, Disruptive Technologies, HARVARD BUSINESS REVIEW, 73:2, Mar-Apr
1995.

Saldich, Rj, Disruptive Technologies— Reply, HARVARD BUSINESS REVIEW, 73:2, Mar-
Apr 1995.

Shapiro, B p, Disruptive Technologies— Reply, HARVARD BUSINESS REVIEW, 73:2,
Mar-Apr 1995.

Carruthers, Jr, Disruptive Technologies— Reply, HARVARD BUSINESSREVIEW, 73:2,
Mar-Apr 1995.

Bower, JI, Christensen, Cm, Disruptive Technologies- Catching The Wave, HARVARD
BUSINESSREVIEW, 73:1, Jan-Feb 1995.

Oneof themost consistent patternsin businessisthefailure of leading companiesto stay at
thetop of their industrieswhen technologies or markets change. Why isit that established
companiesinvest aggressively - and successfully - in the technologies necessary to retain
their current customersbut then fail to make the technological investmentsthat customers
of the futurewill demand? The fundamental reason isthat leading companies succumb to
one of the most popular, and valuable, management dogmas. they stay closeto their
customers. Customerswield extraordinary power in directing a company'sinvestments.
But what happens when a new technology emer gesthat customersreject because it doesn't
addresstheir needs as effectively asa company's current approach? In an ongoing study of
technological change, the author s found that most established companies ar e consistently
ahead of their industriesin developing and commer cializing new technologies aslong as
those technologies addr ess the next-gener ation- performance needs of their customers.
However, an industry'sleadersarerarely in the forefront of commercializing new
technologies that don't initially meet the functional demands of mainstream customers and
appeal only to small or emerging markets. To remain at thetop of their industries,
manager s must first be able to spot the technologies that fall into this category. To pursue
thesetechnologies, manager s must protect them from the processes and incentivesthat are
geared to serving mainstream customers. And the only way to do that isto create
organizations that are completely independent of the mainstream business.



Adapting Future Wireless Technologies. - Final rept.-Army Science Board-2001 Ad Hoc
Study. Army Science Board, Washington, DC., Technical report NTIS Order Number:
ADA412643

The Army Science Board Panel focused on: (1) I dentifying and assessing wir eless
technologies that may enhance and support the features required to ensure tactical
information dominance; (2) Addressing therole of information management in sizing
system capacity and issues such as quality of service; (3) Evaluating the degr ee of
enhancement that could be offered by commercial technologiesin each of thelayersin the
3-D architecture (terrestrial, A/B, space) to achieve connectivity; (4) Addressing

vulner abilities and methods to counter use by adversaries. (5) Addressing issues posed by
legacy systems. (6) Addressing joint and coalition issues. The Panel's overar ching
recommendationsinclude investing morein wirelessinfrastructure based on commercial
advances, focusing management attention on communicationsUAVs and payloads,
developing systems capable of multiple air interfaces with access to multiple bands,
establishing an Army process for systematically evaluating new, disruptive technologies &
integrating them into the GI G, and treating Army wireless systemsin a merged context of
‘Network Operations comprising conver ged voice and data. The Panel also recommends
that JTRS should be directed toward incor porating future commer cial waveforms, and that
the spectrum management business model should be reengineered to support flexible,
shared access to spectrum.

Design M ethodology Development and Education for Naval System Affordability. - Annual
rept. 15 Oct 2001-14 Oct 2002. Georgia I nst. of Tech., Atlanta. School of Aerospace
Engineering. Oct 2002, D. N. Mavris, Technical report NTIS Order Number: ADA406812
Thereisagrowing need in the Navy for the ability to discern between whether toinvest in
evolutionary or 'disruptive' solutions. The ultimate motivation of thisresearch task isto
under stand the natur e of technology transition dynamics, from an engineering and S& T
investment point of view in order to maximize the probability of successof S& T
investments. The approach is study rise/run analysisand techniquesfor linking business
strategy and technology dynamics.

Technology Paradigm Shifts Commercial Survival Lessons.Brown (D.H.) Associates, Inc.,
Port Chester, NY., Technical report NTIS Order Number: ADA394667, May 2001, D.
Brown.

Model for Technology Assessment and Commer cialization for Innovative Disruptive
Technologies. Sandia National Labs, Albuquerque, NM.; Department of Energy, Washington,
DC. Conference proceedings NTIS Order Number: DE2001-766612, Aug 2000, J. Hruby,
S. K. Kassicieh, S. T.

To commercialize disruptive technologies, new technology commer cialization models need
to be used. These modelsinclude expeditionary marketing but also should focus on the type
of competenciesthat the R& D organizations possessesto be able to attract new partnersin
the process. This paper looks at these models and appliesthem to the LIGA processes at
Sandia National L aboratories/Livermore.

Knowledge Warrior for the 21st Century. Catalystsfor Cultural Change. - Strategy
resear ch rept. Army War Coll., Carlisle Barracks, PA., Technical report NTIS Order
Number: ADA380132, May 2000, S.Johns, M.Shalak, M. Luoma, D. Fore
TheKnowledge Warrior (KW) concept is based upon sound Knowledge M anagement (KM)
practices. Our proposed KW would bridge the gap that currently exists between
information providers and military decision-makers. We believe KWs will become an ever-
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growing aspect of military operations and that KM will ultimately become the key skill of
its practitioners. Our concept of KW seesthe quest for knowledge as a continuous process
wher eby information is analyzed, synthesized and applied as a force multiplier. It
transcendsthe boundaries of intelligence, operations, strategy, and communications. The
KW will afford his commander a unique lensthrough which to view battlefield conditions
and situations, aswell as probe the future. People arethe linchpins of theKW program. We
recommend that the services undertake effortsto recruit individualswith the aptitude and
talent required to function in the KW capacity. Our KW concept represents a disruptive
technology in many respects. However, we believe that this knowledge-based discipline will
serveasa catalyst for our armed forces' transformation in the new millennium.

Transfer of Disruptive Technologies: L essons L earned from Sandia National Laboratories.
Sandia National Laboratories (SNL), Albuquerque, NM, and Livermore, CA (United States),;
Department of Energy, Washington, DC. Technical report NTIS Order Number:
DEO0Q0756077 , Apr 2000, J. D. McBrayer

Sandia National Laboratories haslearned through their process of technology transfer that
not all high tech transfersare alike. They are not alike by the nature of the customers
involved, the process of becoming involved with these customersand finally and most
importantly the very nature of the technology itself. Here they focus on technology transfer
in the microsystems arena and specifically the sacrificial surface ver sion of microsystems.
They have learned and helped otherslearn that many MEM S applications are best realized
through the use of surface micromachining (SMM). Thisisbecause SMM buildson the
substantial integrated circuit industry. In this paper they review Sandia's processfor
transferring a disruptive MEM S technology in numer ous cases.
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